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(57)Abstract 

PROBLEM TO BE SOLVED: To reduce distortion, defects, and 
transformation even in the case of formation on substrates with different 
latt.ce constants and thermal coefficients of expansion, by propagating the 
transformation being propagated in nearly parallel with a substrate surface in 
nearly the normal direction of the substrate surface near a part where a 
crystal is combined on a mask. 

SOLUTION: A GaN crystal is subjected to epitaxial growth for a growth 
region 3. The GaN crystal cannot be grown on a mask 4 at an initial stage 
crystal growth occurs only at the growth region 3, and a facet 6 with an 
orientation that differs from that of the substrate 1 is formed at the GaN 
crystal on the growth region. Further, when epitaxial growth continues, the 
OaN crystal grows in a direction vertical to the facet surface, so that not 
only the growth region but also the mask 4 is covered, thus coming into 
contact with the facet of the GaN crystal at an aojacent growth region 
Further, when the epitaxial growth continues, the facet is buried, thus finally 
obtaining a GaN crystal film 5 with a flat surface. 
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t-?z>\ i \m^mm¥m&^*--^t<cM-fz>. 40 

[0028] ^Jl^ttffigAtt&iCfctt 
ISIt;®^*©iE{4©5 0%tLh-C&0 , feeffite 

[0029] Cft^AflB. 9A7«fflWMKiic«iM' 

isiDB^^Klioeo^^-c^^BM^W 

irsci^ltStiTS I I I tt7cmfl#NHM*9 50 
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[0030] *fc*»WB. 9*?liaNfiMMtfC*>tt 
4 c Etc WttSStt^ * h ^4»oK<4Ai, pj OMR* 
*©l£{4© 4 0 SHUUfe*? 4Ci 

[003 1] *fc#»5H*. ^^^a£Mi^A«3&CcfcW 

l3t;®^tf©^{a©6 0%JiLh:-C*«3. ^effite 

«*iw *ci*ts«i-r* i i imimmm^mw 

[0032] SA:*^HJtt. 3;l^a£3>i|gSt8j§«£*5tt 
I^GJlSS^+©Kfit©7 0%tUbr*SH^*W 

-rsci^it^t-r^ 1 1 iMytmmwitmwv 

[003 3] Sfc^BJti, ^;U^a£^A«^«CfcW 
4 c ffiCc^Fff ttatt'* * h ;l-?r^fefi[*i. 15 DJBIRM 
*©K{4© 3 0 SiM^StiC <h £#95: 

[0034] £tc*mmz> yfry&sm&ffimicistt 

®C)l^tp©f£fi[©7 0%Ji(±-C*9> icitc 

[0035] tttmwiz. m^mmm^m-r^m&m 

B. »««E±KlSfi3tifclSABrc*o-C. ^nas 

JS»LfctSA4^t/T*^X**«o"t«*»Ai|-e 
BB-T4. 

[0036] Sfc*^Bj«> BRASif SiBAittA&S 
B»W>67t*» h«jt5:ffJRRLft*56ie B ^BgS3 

zmtbihAj-emmzw-mit-r s «fc 5 tc x t- $ + jus 
[0037] _hiB i i i mTtmmit®)* 

[0038] 

[»9!©«t©JBB] <G a NteAM©ScS*iS 
W©G a NteAK©fiSA^iS©— 3S5fi0ffi«coc»r08B 
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[0 03 9 ] W^CC, f77>fTlili{CGaN?:§ 

7 * -tt cb * ^ h x v * > ^ffi^ffl i »r x h 7 ^« 

(a) ) . 

[0 04 0] ^x*4warai±fcM«i*LTiJ:t> 
TiWSJIBI 2 ©«««c J:0¥»lifi»K4*58« 

fii-ractm, «cc)mtr«GaNttJUi5a>iE 

m^tbXfit. GaN, A 1 N. A 1 , Ga, - . N 
<0<X<1), In* Gai - * N (0<X<1) & 
i£<D I I IiSOT*Sft«5^»*L^o frfc, frf£Tiffi*£ 
■KOfflffiWs&r b «>«K:*©±Cc*JiW* x fc: * * > 
■^;l/JBO«BlflE<fcBID-C»Si2*tte:<. »&CC<fcoTtt 

[ 0 0 4 1 ] CO J: 9 ttTJMJUfti* 

M^^rllt 4 0 0-6 0 0°CHg(D 

4. B»«0. 01-0. UmigtcKMt^C 
<fc#Jf* UK iBi&JSfiJB», 9 5 0-1 0 5 0 'CHS 

©JtWflWiarjsSRS -efcii&BitJir**. 
[ o o 4 2 ] c ct, Titoesiso^^ffcco^r- 
IU6^SS%WTffl*(cSiWr4 0 TJttSAIRoJBliK 30 
tt. ««£IRSttffiSSj£ (Metal-Organic 
Chemical Vapor Depos i t i o 
n : MOCVD) tM-r^Ci^r^^, TiftfeflK 

<mmcm\i*ziAo c v D«««aaEiffl©-«r * 
— »«:flWstir^-&MocvDiBt*ttfla-rsc 

[0043] Ma* ? 7 7 lW«C*/c^rtt k 4 

*7T-fr«R*MOCVD«B<0»«*JbyccK 
81, OTo r r^iOWBETT 

9 0 0-1 1 0 OTIfcaSiaKiflStU »»*>6 3 0 40 

SUEirfcCfcoT&cfcl^ «EETT??T5<D«Sgg± 

[0 04 4] ^Qfg, SS?aS^4 0 O'C-6 0 0°CCC 
ttTStL hyy^-^'J-jA (TMG) i7>*- 
T (NH 3 ) ^gKzgAGTJSSO. 0 1 /im-0. 
0 5 MmOGa NfigA^r 7 r l^Ml/c e IBM** y 
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igSCcSJg-r * J: 5 -C#ffe9I« 6 OjUfeSH^ <E>f# h ft 

[0 045] ffifi^' v v T«8fiB*«:«|&'r ^ III* 
7cJRGaMf4 (TMG) 4 V^T^S^Mfi (N 

H 3 ) OWWfc (V/I I Itb) \% \ 00 0 0-3 0 0 
0 0WSIK CVDiSH^<&TMG©a*Att> *f 

MGjft*WR<4cc^y>yS'&rm^ nh 3 ttfflSEV 

/I I IJt«Ctt4<k5fC«i&l,fc. CVDiSKB, *fe 

X, S6CC^#X4*AU £K*;£3 0-7 0 0T 
orriU. *^ 'JT^i UrOfiBRttT^=f>^ 

»«#W6*it:**«K ±EE*fl>l/l 0-l/3fig<D 
[0046] fiffl^^ » 7 r SO)JlES^ft«±ia© J: 5 CC 

ft, ^«KrT«IS»»WBfiRSft*. 
[0 047] $ &fCffi»'< »7t 

10 0Torr(DiET, 1 0 0 0 °CC 1 O^Htf o 
/Co ^CDf&, 4 5 0-5 0 0°CM*$SU T>*~T# 
XiTMG^V/I I Ijfc=2 0 00 0, *SS*+';t 
*?XiT>*:~TrtX<Dl . 2{g, MR** UTtfX* 
T>*~T#Z(D2. 6fg^UTJ&fi£rff r>fc. 
'^:7yjf CD/1£&3:0. 0 15/im— 0. 04nm<Dffi 

[0 04 8] fc*s % StS#S iC^6ft*»^©^y- 
^>^i8 00TCtfottJ:<, IS^MgAh O 

c». 4/c, coj: ^ ftis©^ y - ->^«'M©ie 

cc»«3 ft *»^fi»©IS»tta>||aHtt^j!l»«:a 

5^77 n^^a^cD p - ^ > ^mrtc?f 5 ^s^s^ 
<b n«ft 6 ft z*jtm&<k *> o 

[0 04 9] K±, TlWJUlORMCCOC^r G a 
/J:*5. TilUS»il©tmiL/r«GaN^ GaN 
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[0050] C(DJ:9tt^aK«fiffiCcJ:0«a5Snte 

[0 05 1 ] vX^CD^tm* h 7 ^ -Tlfflim * b 
<, C<D££-7X£> 1 4<DJl£fcJ:0. 0 1- 5/im» 
$L^ B v^^o^iurti, Si0 2 ^ffit^Ci 10 

[0 0 5 2 ] -e*^ 1 4(DifI«0. 2/zm-2mmW 

l>. — !*T^^>i, Ta5^B B H ^6SilLr< £$£{4 

*»9H©»«Wtt(gffi©»»* *TT * G a N*£HjgI*f# 
*C£#BK£&*. C<DC±frP>. 5 
/zm^lmm0KIW*)>?Jl<, 1 Mm— 5 0 0 m 

[0 05 3] Sfc, J&gMi$3 (RDff) Offi*. 0. 
0 1 - 1 0 0 m mOiWc*^> C 6 I < , 0. 5 
-1 0 0/xm#J:DS?£L<, 

*Aib*«i«©«*Bil/te»^, B/(A + B) 
(Dit&O. 0 0 0 0 0 5- lf)m£L<. 0. 0 00 5 
-lJ&sjrOJffgl^ > 0. 00 2-0. 9#S&0C#* 

[0 0 5 4] vx^CDX h^>f ^'<D^roj«, <1 1-2 

o>#frfcu< ttco*«iiaitft< 1-100 >#fa 
^6^n^n3 og«rtcD^^»^u<, <i 1-2 
0>#{»jfcb< tt< 1 - 1 0 0>;£ftjW3fcK:#*0 40 
l\, *ffc % HVPESm <1 1-20>*[^4>L< 

tt< 1 - 1 0 0 >#r&h mo v p Effir«, < 1 1 - 2 

[005 5] ;XtC, fiSSMi^3 CC*tU G a NttAOx t" 
**V*;U|&6£fT5o vX*4CDttc>/cg«£xt'£ 

X0T*6GajRltemfrl/C. ^S^3iCGaN^ 
IKAKI-S. *£ B s a J£g:fr£tt> GaMHficttfbtf'J 50 
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OA (GaC 1 ) *JBl\ NJH*4teT>=e:XT (N 
Ha ) 0xt^SWHM8&(CJ:MtettI (VP 
E: Vapor Phase E p i t a x y ) V$>& 

Wfc***fflC^SW«ffl«ft^««fBfl» (MOVP 
E : Me t a 1 Organic Vapor Pha 
se Epitaxy) 4JBC>Tfe «fct\, 
[ 0 0 5 6 ] G a NttJMi* t7JJB©FgT?«vX * 4±*c 

*£±©g a Nte&mzm&em-fiiiLt ras* £M#(4£ 

WTS^r-fe* h6#t^JlK34iS (01 (b) ) . CCD 
t # CDG a NttJ^tiH&ft tt 7rt^ tMbWBft 3 
*l£cfc5fc:6 5 0 "C^6 110 0 'CcD^gajft. NBM 

(om^&GzimcDm&mtcttLmmfr* 1 o o ofg 

[0 057] S6CCxtT^*V^il/jflc**»W^t» G 

tjsaws (01(c)). 

[0 05 8] ^e^Cit^^t^fiW^i, 7 
r-fe* h#»«>i&S*i (01 (d) ) % «KKKC«. ¥ 
«te*ffi**T5GaNttM5*»5C<fc#r*S 

(01 (e) ) . 

[0 05 9] *7r-fra«Jt«CGaN»flW)IS 
IK 

[0 060] *»9iic*JWSJS6fi*aEr», SJRflEfiCc 
yfe f F ttJSJSfiS&tfflfcDffiJ: 0 jBUfcfcteSMiS. * 

[oo6i] #cc, Gamntcmv&i*mi<>2>m<mffi 

mmc J: S«tHflK"Ctt, G a NilCDUWIIr^ 
[006 2] fete, GaS^cWi^Ht^«ffl^S 
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mm^it^mammwtmtmsim&ic * mm 

»*ifcft«ft«««c««G a NJM0j£A*BaE>£ 

[0 06 3] £/cGa N(Dxb-£^>i*;Uj&g&coi>T 
I nGaNE A I GaNH*SUi I nN 

$ h ccj&g-r & cn^ ««aBtcc^«i»4a5fti v x & m 

aN*a«±«C^r4^^U-tf^**«jt (G 
aNNhlUI«$tr1Mfftt) K*»Zt6mXKtt>*Mlc 

jfei>3ti:5cims. c<Dtc#>. mmmm m^LU 

¥*««{«*««T s c £ » s. 
[0065] It CO<fc^ftGaN(DlSBB!©JR»* 

©asaiE*i»£-r £ c £ -c, »* o < v 

0)^ft^GaNMhUi«W6ti. Ch«S4l/t«^ 

[0066] *»««^^CD«J6CCG a N*£ 

fil«©K«*fl9l^c*l^». If? r A TSS^CDK^tt 

©Mifi^M i >fc»^c fssn £ & ^ r c » yt*»ft«* 

[0 06 7] 3 GaNBIiWi&ft5ifi(Ga 
N3£JIJgX«) ±{CMt ^$i^*S^G a NU 

u - if oajt«t @ i <Dmmm&m c x * & fca& % 

[0 06 8] ft*** ±Kt? tt, G a N*SfiIgg1K£/IH> 

[0 06 9] tf 7t ^TSffi^<DS«S«±^<DGa N 

L><> 8 0 am— 5 0 0 mn**<fcO#SlA>. 
[ 0 0 7 0 ] & It. G a NJgSlS±{C*^«jg4^T 
ifltefctt. ISRStft-rSffJCDGaNISJMtOHffiWr 

a < . saststt* g a N^B B B ^^e>^as^ * 
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HffiSS <h £ tC|&5feT SGaN t£ JMR0 J* 5^3 0 0 
[0 07 1 ] COi^ftGaNieB^KSS^Sil/r 

[0 07 2] « fc*3W*#W63R^«cafflUfc«^», If 

[0 07 3] $ 6CC^#|B3l«^3&^#u-lfCD« 
GaNteSJgi^SB^WcCSSaSSJbCCU- 

[0074]^, «±©«fc9«Ct,Tfl»LfcGaNI& 

[0 07 5] <t6tt©X*«jg>S-*\ *%?)i©SJg<Z) 
fc&«: v GaNtea*OKfit©*2p«jS«:oi>rtt?HT 

^^hJl/bilt, <1 l-20>/3, <0 00 1 
>. < 1 1 -2 3>/3©3«a*s#aET*Cl<t*s»l6 

[0 07 6] CCt, <1 1 -2 0>/3«S2CC^U 
tcttfyS&^Q) c SteW* a tt^c ^ h ;U t gHEtt^ ^ 
h^riEfiOWF-^i^lfi-i-ii 6ffl?¥SEb, <0 0 0 1 
>«ctti#ffir2ffl»aEL, <ll-2 3>/3tic 

[0 07 7] -*<DK{4^*f LtM-O©^-^-^ 

[0 07 8] fsCiCD^-r^^^^r^T tJJVi (e dg 
e) J % TJS^ (screw) J iC^fc^^tt, K 
{&M<D7k&l7lft(cCftlsX'*-tf-X^? h)Vb&^tl? 

-X^c^ hJVbimVXDtitkt r®^ (mixed) J 
[007 9] C 5 Ufc«fflCCfE*.«, A^B^CT) [ 0 

oo i ] 2rr5i (-r^^^c^rsj) ccSor^^/cSti 

ti, ^-*-X^c^ h^b =< 1 l-2 0>/3(Di# 
tt^JttKCt, A'-^^^F;l/b = <000 1 >ttt 
MffilEtt* rt-ti-X'** h;l/b=< 1 1 -2 3>/3 
r fiiB^Cffit? * £ jawt» 6 n . 
[0 08 0 ] «6tt©WCJ^rj£«T^*.*«, -*<d^ 
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5CC*ojt<?«C*-3-Cl>4<fc«R6'r, &L<3ft#oT 

b 4 wftcikzmftizmm&iiL 4 & ^-n-^z 

ft#ofc«flLtt, h^bcD^tfrCS 

[0 08 2 ] <tifiL* + ?2*<Dmvm>&tc* 
^^^|^+^7^^©«SiJ^«:oiirsiW-r 20 
s. *»98CCfel»r«, aeccaigm^fgss^ (T EM) 

[0 083]-|gJC, <Effi*TEMCC<fc 9 

[008 5 ] *H-raB"r^*^tt, h 

&{4<D??fiEfc: j: otf (Dttiar^mttfc: ft l r t, > £ 
# j^tf^z^? hfrb 4Sfittjfri$Kcffi»'<* h 
sr B *^^ffiB«^{4^ifi^rfe^ftL/ri^j:^c 
4T>&£ 0 

[0 08 6] CCT\ «HFBA*«OTTEM«*IS« 
UfcH^tt. ±^0^7^^R8*^*iKfiiSilffll4^ 50 
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-r*. cn«c»ur»r-BB*»i^rTEM«*««L 

[008 7] 0*0, TE MMSORtcmShAflff 

;bgr • -n- hJUb = 0) ©Jg^te&taon > 

h^xh*s««-r*c4«:ttS. 

[008 8] C 5 0/cMffi?:3MCC*iJffl-rn«. 

[0 08 9 ] H3©iEffl[*ir^^if3&s*jBPr*44Lr 

[0 09 0] *r, ffStOtS^fflifflOTTEMWR* 

(@*f^^h^ar A ) . TEM«*Ccffl3BL/fc:a>h7 
X h^6TEM^>^t/^{c4<DJ:^^"Cg{4^ffSE 

4 ft*. C©W8«WrKfil*«SStiS4 

t^Cilt *©rc— F^bttftHF-ffiBKS 
Kft*i*-*>fSH«:a*tt3Erfiir »ftir*4i> 5 c 4 fcr # 

[0091] w«»«:»oraoa>«H^mB (@*f 

[0092] ^Wtc, co*S^«, CfiUfcimiKM L 

IEfi["C*SC4^to^4. 
[009 3] ±B©««*«>IB*tt*«A*^*07J 

[0094] <*^^<DG a NtSAH<Z4Efi[«fi>% 
Cc, BWBO*ffi«:«£^rffRStiytGaN18ilH©TE 

[0 09 5] ST, Ttt«S»B©*«c»ai-S4. 



19 

[0 096] ^tC. ^^*HP»©««««*6fl»l/ 

tcxmmmzti&fr-otco */c, c<o3i*«w*tifci6 

lEffi^w^r »^brc^«^3WB^stiAi. */c 

CO <fc 5 ft(Eti<D*f tlffltf 0 tt±JB©G a NtSiiJXDffi 

[0 09 7] 4«a<DaSf-^^ hJl^ifB^TKH©— 
ta»*TEM«KLfc<bC5, HJr^* hJU* 

hjub#<i i -2 o>/3cr>fefi[i, thmsbjios 
^tiLzmzm^c^-tf-x^? h;i^b^< i 1-2 20 

3 >/3 ©IEtt**HgOr * /Co 
[0 098] CC-C, C*i6M#©Kfil<D*rJhft3&«»)« 

[0099] */c, mmvmGL&xr u*-?<t*?w 

J*oa«-*/-*-c* Yfrhtmy-CtbZtt-hm-itc. 30 

/cfc0T^^ o T««JW*©Ktt©7 0«Jia±*i6«& 
/cfc<D<tJ8?$i**lSo 

[0100] ft^OlSffio^rtt. TEM»* 

g m±cc ttfiqaE^ r , t e m* > ^oecatacffiff cc9 
fi-T£ [l-ioo] #fflccWTte^rc>sc<tjWB 
o/c a £/c, C©J:5tt«*©lStttt:7T-fe* h«jBj£ 

[0101] COCi*6, T»JSSB*rS^<Efi[/c 
o/dpfcftte, ±JiO[)GaNSaji{cg|*«^nfcf^ 7 

[0102] «±«:Bi?8ufc«fl[©flMictia*r*iH 

4©«fc5CCttS 0 50 
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[0103] % MC % 3 6fcB«IKC % *±««tndK 
fii«j6tt6Cf«:tt*aBi(coiiriB9BT*. 

[0104]H5tt, GaNea«5*07^^HW 
O^PS^jg^TBrMCDTEM^Kr^^o ^X^CDX 

h -5 T^fSjttG a Ntefi© [1 1-20] #[fijCC»o 

t^d, TEM«**©xh^Y^»«iccTfTecWKu 

tci><DV$>i> 0 ttBT"**jStt. H^CCDl, D2t^ 
G/ccfc5fc:, ^**©**SM*<fc 0^9*6 [0 0 0 

L/c^P^Svx*:fr|6j#5 [1-10 0] © 
^£C££Sil8U/c 0 

[o i 05] a6 (a)w(b)tt -en-enDix 
iaa»^6«triEStir^sci*sto^a. f©- o«b 

6(a) rlBKSti*, TEM1f>^;l^3S (ttffi) CC 

secc^o [oooi] #fiicc»-»r/<-f ? ?*o/c 

h;Ugrtt?B«urc^4. ctie>tt, i£ti£¥# [ l 
1-20] ^Ffijtejto [oooi] jjmc&FlLs c>r 
n& [oooi] ^injccsiaa^-^/-^^^ h;ub£ 
^ci^iti^o «©IEttBtt* ^6 (b) xm 
»*cwfsftsj:5«c; [ooo 13 ^k^-c^s 

[0 10 6] «r«OlEtt»«:onr»ai«:J!Wrb 
Tl> < . 0 7 (a)SV(b) fcK-*i*hD 1 fcffi* 
[1 1-20] *T»I^6HS0ytlB©lB»JBTEM«*5 

£v*tiiictti&?&mMm^®vim&~e$>2>. mi 

(a) rttftWOttOKtt*. 06 (a) £RlttCC [0 
0 0 1] *l«CCJHJHB?j«CJ»ULri^*aff'^IWSti 
&o ^OS^JU/c®^^<bL,/c^fficD*S^(D«^(D 

WSPTSi. 07 (a)O»A0iC^T 

M***U **IM»5Kl/rlSt>r*4. ) . £/c v 07 

(b) ©@8fH0fc*jC»rfcx^ , y y H,fc@*rX#* 

J£< ftotl,^, H±CD«»*6, D lftRt*. [ 1 1 
-20] *fflCC*©H^*feo/J^«fl|l||i©ttll*» 

[0107] C©/h«ftll**«^6KtaL»<0^-^ 
-X-<* h;Ubte, 07 (c) ic^T^ritfg&^L 

£So 0 7 (c) S*jaSiOrlEfiSS<0£— ±— 

<D&&c ct o f <b s <b ©ntc xi/jfiQic 

/2 (aiiGaNTN^tS^att^^h^l 1- 
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2 0 >/3tCfBii§) (DiimmZft-z.tcH? V)\>1fi*ffliL 

h-iPb© [1 1-20] ^(aJ^CDSUr^SCi 
{ti£l:£gf S„ C5L.fcffl*©i£{i{C#t-*8?#r£. 

/J^HftttJ***)**- *»£©<gttfc*f if -7 feign, 
c it i> seats i mmx$> h c t 

ft. 

[0108] caGMmvmm-r*<sj!m. ettfcj: 
■o-cmmz tiz>&m¥®?-m&mwM<DTmiz&& v x io 

TTJ ©JSf^Wi^CCte^OTMtC^SiJ^tSTB*^ 

[0109] l51il©ia^D2^RS«:*fOrMf-5/c„ 
-£©*S*. D2^feD l^RSi^M^miWc* 20 

W. ^1 5C<l^©igti©^»ia<JiB?iJKPg*!D lXfiB©-& 
n (ift7nm) {Ctt-^r2~4^)At,^C<t > ^2 5cKtt 
(D^-ij-Z.^? l-.rt/b©«&*ffittD l^Pg©*ft<b|5j 

PS©«^. /J^ft^W©MiiJ©ilS^B07 (a) ©}fA 

[oiio] «±®m^it, -?x9±<Dxmm 30 

di. D2^RB««{c/jNfflft&#r*o. -eti^ 
ti^^-r^fefifilSHB-ca!^*©^^-**-^-^^ 
b**rr£fc:». vxi7±^©cw*5papa5 (j&bsb 

*£3) ±^©c$4(ci:b-t-Cffl(,^c«5»(cAd:-,-rt.»S. 

^©W^jrcW©«#«*5jlS-e*-5/c„ ffl^©fefiE 
OlfflPiBIS©±g|5^t>< (tg£-D-CJ£< ^c»3 . D 1 ^pg« 
7X*J*5)ii, D2^l*v**Jb#j2 jtzmfcU:© 

rt©itfir©riPi^i£:< ftSfcfto-oh;* < &s©r, v 

* *±© c f*©fgi* *><@* ©SK<4|i8©tf A ii«> tCMfi> 
[0111] iXK. D 1. D2^RS*^tS-r6lE{4©|a 

as*j=to'«ig{c-3t^ri{i^-r.5. sjaioifco. GaN 

*SSM'PCC(Ji<bOr2a!S©|£{4*smt-rS <> — ■ 3 
«. Ttt^M^O^^^^I^iRl^eWGaNite 

ic>5. ) . ffi©-o«. TittiSSIS*©®^^?! 
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*h^btt<l 1 -2 0>/3-C/v^g^©a#-^^ 

CC. /I^ftSW^ftSrSiteli©^-^-^^^ hil'b 
CDffi»ffltt3' ' 2 a/2-C*0> C<Dm&aM^P h 
;u<t^ffi^c^'-**-x-ci' h;l-b© [ 1 1 - 2 0 ] #[Sj 
^©JSU<@-r$)SDjt6tt^il5^. ^-ft®*. Dl, D 2 

©*¥§0##^#mbTt>££#*6ft.&#s. 7rtj 
h L fcB$ OiEtiDMISAEtKClK *) tl D 

[0112] ^K. 06 (b) ICWZZtitcD lXf&tp 
tc£**i.&&5 — o©K{4«ftCOt»TI^BJ-rSo TEM 

1 1 - 2 3 >/3 £ 4 -/(D&GL-e&Z C tffifrfri 
1c 3 (b) -e«. ^EP«:^LA:i:-5%STnffl 

*io/c0«©C&^b«L«SI^3tifc o C 5 t/fc£B 
*>6Ctie.©fe<4gf©|ajS«Be&-e*'3 > GaNMg 
©7r-fe* h©^S^{C«^[Sj(ce}tL-CtfcBfee 
*J. 7 r -fe h l,fc D 1 *R©tiflrcwi»»5n*i 
K:£SUft:&©£#*.64-iS„ IlWKii. 5ttC^-</c 

i(C«^6^Ci„ L.*^U. Bltofir©^|qJ^©Sem{C 
55S*5A# < !fe . c tx*^mW«:G a NiKSMtf <om 

[0113] <wmtmm&<ow&>--XK.G&iii&gk 

[0 114] m&<om.wfrt>. AmtLltGaNm&mcp 

S. o^f). A^fit«/h«ftiKE^©g3«±. -T^ctofe 
C C "C^L.fc«l^> 7VHpf »T«lil*aB 2 t G a N 

cc. A$Kfit* J S»Jfc«*r6jK;#f*T,ft*5.s©« > v^i'gfl 
□sb±-cs> o , 7 r -fe h *5jf^ s tiz<Dmw&=mm 

«©GaN*S^ESSLi^t).Sflfr©S^*5 (S4# 

9«JW77tv h©Hft^©ig$t(±©MJigiwe 
m&icm&T z, c i «: ft s . 

[0115] -^T. B3£(4©e»^S«. S5f7rfe » 
h ffi 6 XWttK.9x*l l#- 3 t7Xi' ©cti*Kr5j*>^ . 

i»tfiifcsiJrws!ffiE^(6i(c5fntt*i-,T±a5^esTr 
s/c*. Miijwcc«^pgp*»6©e{4?Ea^-e©**?i 
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[0116] ±fiE«j&*>6. X&WlC&iXBf&LtcG 
a NliAKQlKttfltiI£H l 7 ttm&tiMCnkLtc. C C 

fit) t>m&?z>. mxit. ■?xt>tp&<Dz. \-=>47iift 
tcfeixfezmmt. *ti?t\mmcfm-rz£ stem 

^%;&-?Xl,>2>'t><Db&tELX^tc. 10 
[0 117] fcJT. fefe1tji«:SaHTS. IgJSKtftff-T 
£IK3liI©iIteftffiK©Si^£&-<. S „ 

[0118] sr, #ite{4©^iga«e(c*f-r*S!i^© 

*S#CCO^r». #2£9§{C «fc£G a Ni|£iflK4J-e». 0 
l 7tc^-r«fc^fj:±iSfe{4«jg{Cj:-or, iHMUS (ffi 
35aSgg) CcfcUT* AIES (c®{c*fUr^F'fT^S! 

x$> -p tc&m*m> b . B 35ft ( c ® l r*4«t>K:M 

ig^Kli-C* o fciE&tt-e©* * ±§BJ1^ I £ 20 

OTBIfc<i©i!l£#£< ft*. 

[0119] CCTtt, ±IBTEMi!i(Cj:orGaN 
*SiiM*©i|fct4©* * 7 * * fcffigll U /c*SJ£. S£fc©- 

SItTB. B«&0«II^3 0%OT"C*-p/c(Dfc*t 

ifaosi^ v^?©x h^jyiiftzmtz-ezctx 

^milCtt bX'J>ts:<ti> 5 0 %«±*l Blz;{i<t&2> 

4 C i £j«f£ 0 &. 30 
[0120] Xic. £iteftffig©ffts|£K:-?i>-C{;t:. * 

m&oGM®mzizitkutcm&ftii;t,c'o^xm<<z. m 

J¥3©Jt£c£2SS©GaN*£|IMCCOCvr^;**-i 
K^®#¥iiK&o;fcB$.£©JKJ?3 7 um-C 

[ 0 1 2 1 ] m 1 0 «» g a N^SKaM-e^msn/c 

[0122] ilE©!^^*^, T^SISrtCCfcW 
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Keigs. ft<&±m®M^<D±fc®mmK.ftbx*zt£ 
fcwss^ea <.cffit,c*tLx®itoicm>tc%.ti.'<i> h 

^£J#o&Gl B&&) £^&<-rSC£#-C£ft«. 
*S (.>» Tifi^SISrt ©£<&ftffiK£®«-C # b>£ r 

»J:9:£«{4?E&©d>&l,>Ga N;l£ll£f?SC 
S. ?l^iEffi*8iM3-&-Sfc&©#^;£L-C. #£l,< 
it. Ara^UtcGaNXtiA&ticftS'ttSRKC. 
SCTCCA^^G a N©l,tft&g#s£t; Si 5 
£jl.&C£#iM$H,>. coil?. C©JgtfcS£iH©3lH 

mF B Zf&&$i£ZC±&£')ft£U,K C<Df8M$k&t 
bX. mx.it. Ma*SfeS*S ; S:GaNfiSgBU«C+^ 

icmitz-ezct. s^e a ^©^ffi©ffi^{4 

iU (000 1) fc£©©g&ffia>F>-C#£/cW4Ii* 
£4>fc < T £ C L t£ Ei?m%iX a z . 

[0123] <tm&m.<D®fe>m&®&<DWr%rirmc 
\t^tbx--o<D-nm^&^ m-itmm^mmK. 
£-ox&a,tp(DmL*:m.mwimL. *<mzmi?zij 

t,-c». mwwm (mmwicm&tj: 

[0124] mr.immwtcnmm&^ittiii'tcsm 
&t?mmicj:-?xmvimcx.v?>t'i,. m&micfc 

itik^*mm*m^xit&?ttmx$>z>. com 
^r. iMimmm^m^m^ictt^xfK^mm^mtm 

->Pf-tcM[£^-SCi©iitiE*s^-ca»). *6*>Cif) 
{b^^^^WfcjiiR u. x ^ ? t » h^fjS©fcfe©x 
y ? > iftkfrZmm. A < 0 -C te*^j: W ti itft h H 

[ 0 1 2 5 ] < g a Nm¥m&ms<Dm&> G a 
m#m&<DmM<D-mmmmt l c'o^xm 1 l^tiot 

5tG a Nig^|g±(C G a N JMmtt*?-* ■flFHf -5 fe© 
•C*So «f«c. GaNS^^^^©fPS?CCOt»-C 

[0126] g-T. ±IB©Ga N^SM©RES^rS«:fie 
oT. Ifi 1 ±K n 1G a N^I6 5 4Mt 5 (0 
11 (a)W(b)). 

[0 12 7]», C©n§9GaN|§i^6 5±tcGa 
m^me 5#0)a3tifcS1££MOCVD£g«:-(2? h 
X. nIGaNI6 6, nSA 1 Ga Nf? v KJ16 
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7. nSGaN*^ h*H68. T> I n G a N 
l^#Plt7> K-7"I nGaNJ§gJf*>6&S^S 
■T-#FM»i*r£ttJI6 9. P lAlGaNI70, pi 
GaNM-n-'I7 1, pIA 1 GaN*7 v KJ17 

*mm*fmt& (011 (c) ) . 

a N*£HM©-§|5*WgUT niGa N<SSM6 5£g 
a$#S„ SttiL/tGaNteifDlgOffi. -Tftb^GaN 10 

*¥^^^^k®{ijk: n mmm 1 4 0 . *s 
wjK:pS{m^7 mn (<n ) . 

[0129] #3£^©m^K<fc 9«T©^2tf#£*l 

[0130] ##fcHj©G a N^^K±(CG a N%¥*{* 
JR-?«5fi*fiS«-J-4 C <b K «fc *} . gfcfcOlf 7?-{ 7lS 

J£(C W- * x tr * * S' + ^fiSSM©i^S14* s 35t#-C# . 

[0131] #«CG a N^¥^»^*^-T-CDJ&&{Ctet> 20 

r«. aiKis^MTsc iOT^^fcfe, at*© 

[ 0 1 3 2 ] £ fcG a N Jfc*ig{*ffc5fcSPIT-#SG a N2F.¥ 

H«c J: *} G a NJfi¥ttftt'— if#jg©*B8 $7-14 
J15j£-C#6. •^^T-fTiGaNieSitJJSScD^igffi 

-»fflSjg©*!ig 5 5 - k-mwittc cfc t> ^EST & c <t #BSi 
r*ofc„ cn«c*tu *^-cwms^rS*^j:c>g 

aNtSS)R6 5 4Jl<fiSS-rSC<t*i-C , *.2)fc». If 7 
r -f Tmfc-P-?*? %ffc£ LX i> G a Njg&BLhKJfcJS 
UfcGaN ai¥igf* U -Vm&lC itmmttj: < . SEfcG 
a N*§HK 6 5±OU — tf titiSagHK: J: 0 *Jgg 3 5 

Lfcfc©ccJ:b^^scaSB&fbr ##32 «5 fc*ttKfiLh 

-C£5„ 40 
[0133] fcfc, ±IHCD|ft?»l-C«. Ga N-t&fllffiiJC 

g a Nm*m#m*<Dmmm& i S:imLtc'&< l cm& 1 £ 

v^^2 iGaNi^S^6 5©— gp*^*bfc*s. Ga 
W&ikm&BlS, USS 1 <fc * 2 <!: G a N*§||JK 6 5 
©-8B£l$*l/fcf£fcG a N3MO»tt3W-©SiJB»jt* 

[0 1 34] SfeGaNS^ft^iLTti, Ga N 
^¥iSf£ u -if -?>G aNSLEDf©Ga NJ6¥i»{*2S 
3feS^©ffeK: F E T H B T ft £<D?>H X tC fejgffl aj 
b£"C#>&. 50 
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[0135] <GaNi^SIK©ei4©* + 7i'$iffi^> 

tiriB©G a Nm&moym&jjmcUixD- ? r-irmm. 

±(CfiSSL.fcG a NfSJUt(C4sl>T. If? r Tgffii 
■7X^4#ifT@^*^*§tlfcGaNieB^)e«> # 
W3nS3tee©ia*^G a N«S B ^©c®«c>rtL,-C*4i* 
tcjlgt>fc^<i^h;U£#oijfc{i (BKtt) t*5Ci 

xmw-tmtt&x-v? r j rmm^icmm^L 
■era. Big{4©S!i^3 o%t[Tr-*ofc. *^ 

IliQGaNttAKOJdMMt (If 7 r -f TSetiv* * 
*^tfTHM^*^*3nfcMSMJS) *©Aigfi (G 
aNies©cffiK:^ffd:^{4x-ii/ h^^olifir) © 
^KtS»K*hr g£3fc©G a NMHig#©^ft 
K*fOT^< ft-?-Cfcr>. *^Hj©iSS)l©±J10^ 
*tC«fir-S*ii(6ffi«. {J(JB^fiiA^(4©*r&-o 

[0136] *IH9©Ga NttAltttJdecD&tttt&IK 
tfcMHKWTSfc*. G a N^ B )g*©BS£{4©HI^*J 

•9 m<D^wmm<omMcttmt £ g a N$snjg« . b k 

(4*5Qa NMBlM«C^W3n-SIS{4*©5 0%«±-C* 
iCiWSlH. $/c. C©GaN^HM*©AiS{4 

©^l£fiiL»tc«-rsw-&«5 o%*«-c$).sc<t^i)fs 

La*. $6«cA«gfii©?g{4S5a[(il x i o a /cm 2 * 

©eflS5St3:2 x l o a /cm 2 «Tr*5CiW* 
b<> 1 x l 0 7 /cm 2 «T-C*2>C£*5«fc«3»$b 

[0137] *fc. tf7r ^rmmt-7^.^^tsrm 

7r-f T Sfeh^fig-T 5Ga N |«JUI©IUV» . 2 0 
Mm~l mm*iSf$ L/< . 8 0 wm~5 0 0 <xm*5J:»5 
*fc> m&kti>U:m3k?2>T8l>m®<DGsL 
N^ H UK©i?3«3 0 0 /imJi(T* J *f* L< . 5~15 
0*tm*s«fc0Si*L.C>o TUfeMIDl^ff^L/ri^ti^ 
ttlf 7 r r i i 4> {cTitbMUJl l^*T 

[0138] feLbtt, GaN^e»f«cSife H |)SKoi ( >rs» 
HJLfc^. *^aj«^;t,->fi£M*SH=t«JS€rWr€» I I I 

mjtmm.{m¥-mwx*>n\zmm'*imx3>z>. g a 

^1-© I I I tt7C*&f bUMPStt^ b-Ctt^ InGaN, 
AlGaN. I ntimm-fbtiZ. ft*}. ?Ka><t^ 
m^ftZl I I «?7C*S{l3B5*»(t©teS«jS«^ 

i i i«ecaaffc«j**#{c#p>3»«dw 
to 1 3 9 ]< 1 1 i wmmtwm&y 

!f^©^3Wt^g{c»Sft I I i^jc^^fb^ 
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<BI£{£) |5]D@^cf©e{4©5 0%li(±r*S 

©£9£«. 6 0K£LbW72L<. 7 0%IJLhaiJ:fJ$? 
£Lt>. 5?.(C7 0%~9 0%©©H4C*SCi*W* 

^€r^±«:ftl^/cttSi-C*Sfc«&. B3gft©$d^©& 10 
feWSL^ffifctl 0 0%-?*?). Cft*SB3£{i©«!l£© 

c o 1 4 o j ztc. mmf^u-vmo^m^mmm 
& i i im7&%mt®izm&'?x--"te. ? cassis 

JI$iiCC:teW&cMCC^Tft^ft^i> h;U*^o|i{4 
(Al£{4) *J. IHD@^*©K{±©5 0%*?S-C*S 
JftgiUteWT*.. C©HM«©^e&»[«c>(*^-SAl£{4 
©H^Si^ 4 0 £ L < . 3 0 9 W 

£LC>. 3P>(C3 0%~1 0%©®H(C*^C<t*i*fS 
Lt,>„ *l%Wc*ju-r(i, JtS5i£4i©Sfcft#s&fcffii£;* 20 
*lfca«Wftttt£ra B if£{4J^©i^©2S££3n:£{C}qj 
x.tctm-c$>*)> ftKAi£{4©^££^:£Km/ct*3is 

[ouiitfc. *m»f*u— ym<D¥mt$mmciffm 

ft I I I^TclgMft^SI^*-^}*, ^;b->i£S/ifS 

£}$oijfc<i (B«{4) |^D)l^ti©fe(4©5 0% 

(AEtt) #5 0K*»C*SJMIW4**-S. B&ffi 
3W60%J«±-CAlEfii*S40%*«-r«)5Ci*»»*L/ 30 
< . S B$£ft#s 7 0 %J«±-CA^{4*i 3 0 

c 0 1 4 2 ] *^bj© 1 1 i m7tmmimmm#? * - 

(iltRSI^r&IfiSg (ELOJfflK) ) -rsm©GaN*SB 

ttVOTJUMM. m®Qt&f&r&tiSias&p. el 

2x 1 o" /cm* «T#*?2L<. lxi 
0' /cm J OT*iJ:D!ff$K, 5xl0'/cm J 40 
STOPS &Ktf*t/C». 
[0143] ftfc. B*£(a©#&Jt^ttA*KfiW^t/ 

«*tC??a-rS±l£14CC»r-2.AI5fi[©#ai:bS^. tit 

[0 144]Sfc. ±fe*#6<8© I I I ©OT^itfe* 
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i » s s c t amt l 1 ». 

[ 0 1 4 5 ] A$S&£ B3fc{4©±iS©lgffi* + 5 *> 5®. 

(a) teikMB c .icm^tcmmmfa*-3mK.m?z> i i 

(b) teB^s«cfflc^csa»«^ft< <t*>^*sn 

(d) ^B^s{c«o/cMas«*^ft< <t^*$n 

fc±f2 ( c ) © I I I l»cXa<t«MiU»f4«JUI. 
[0146] ft*i. Jf ( b ) CtfcO-C. tSAftfitCft 

<t fcjcvx f*stfss^i«ffj©<ga© 
[0147] gfc. (d) ccfco-c. tsjusfitcffi 

l,>fcIiS«i <»: i>t,C-?Z 2*^t?g«£ffi«J©*£S© 

TJlM^^^SCifCj:*). I I I »OT*gf fc13j¥ 

^»MBfi©Ji^iiS*5, AK(4i B^e©±iefeffi+ * 

[0 14 8]IiiSilt(i, D-7r^rlg*iffc 
$?gLt,>#. SiS«. ZnOlE Si CSS, Li 
GaO* mm, MgAU O.lSfSffll^Cifet 

[0149] <vx^©^ffii!iffik:«i^ia^EE©$lJffl 

>*^(c,tn«. ss?M*rS]^s (eloj&s) 

ISl©vX^(!)«W«f 5 CiKi^t, I I I 
^7cfR^b«J*^*SB*©feffi^e*ftl]ffll^-S ctifi 
-C#S„ C©^Ci$iJffll(cJ:0. ilBWSfSLOjteffi*^ 

[0150] JiTBC. C©3S[4JfJfiS©$(iaJ©>*-XA 
[ 0 1 5 1 ] m 1 2 ( a ) «. G a NJSH©E L OESS 

m>T, «®^iift^B^0RE3nsHir-c«>o 

L^ft-rSfrwWSWfttt^ftL/c, 7^Wh?-f 
^|6»CSS:ft«S:W5l5»Brffiia-C&.5. vXi'iCDtS 

B^rt©fte{a«a*K r±j -e^-ri^ct. i^rnt 
^isjccfSorefliLifi^JLrt^,, 012 (b) »±te 

©^©BM^a-r^SH-C&O^ E12 (a)tGa 
[0 152] Ctie.©S*s^-r<t^«CB?^©TEM{c c t 
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Bmicts^xtt, if? Wrg«±-Cc$i!i;£|6jK:?Sor 

7 -f ^(Sj{c?9 5 Wfifll* <fc (Sit-r -2. C i J: . 

[0153]*K. AiK&COcHF'g-rCD-v'X^^ h^W 

[0 15 4] A^{i©cSf3-C®^i?X b^jyjifa 

ttK»<BKj£2re98E3*i. ^©WWrfctyi^tu-c 
E L OJ£g>£©G a NiSiv^ * £: ©WSCCfflfc < Jjic 
Jr-oTSISiacSftS. S/c. 012 (a) lCmt£') 20 

[0155] C5 Ufcffilt;*j«, *t**mi?-?>G a 

[0 1 5 6 ] 01 3«V^^«®. 7rt^il G 
a N/v^ i'Sf ©H£*(Cffl1-5MI (5?®) 3S 30 
ts (^*i^*i£t» . r. . t. . SrSlLfcH 

[ 0 15 7] GaN/vx*J?®KaKiElft©EEiffi#F 
<>0) W. 7rtj haffiiGaN/v^^SIOft 

F = T. »+T» OOsfl-T. 

[0 15 8] C©5$#>6l!li6a»&<fc5K:. Tim ©if 
DO. r„ ©i&Jjn. t. ©^<t£fc(cEB8l*F©ffi«* 

40 

[0 159] Fffi. T*t>*,E.miizm;2itzim<D 
—mi*, -7^f<D^mmmi l cj:^xr m ©asT^usc 
<tr&s„ -ttucfc*). ELOfiSS©^©iS^*{caii 

*[Sjtc?S 5 se»*s(Sji3 C b Cc % -5. . 
[0160] > h^®tC^fflOrt,».S 

£ . ^©fg&« E L OfSS*i3itf Lt^r-b s> h 

C 5 Ltc&mZ^S'&COG a N*§HII©J&g<!: <b fcttfl 
®^££}frSteSt£f$o;tot>. ^®-©SjlK(4?g 50 
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[0161] -ect?. VX^©*ffi^ffi*tf -5*^(C 

77t;. h*^^2,Btr©-7^>7±igsrtti:fc 

ss#ais3gti©iSt&m©K^&<fcs. -e©fcto. 7r 
z&GHDmmmtx, ^©^m. AK&<Ditji]Ktt« 

[0162] --to. GaNI§ B ^©c®Ct#l,Til4#K:ra 

nfcSStt^M/*!**. flocffirttcs«E-rsBe& 

«. /c£^.±ie©^[»itt:**!^rtK^Dfc<i:Lr«>A 

©•C^-SftOffiitC^ai/a^/cto-C^-S,, 

r. B*Hattt. AKfficcJt^rCfia*iB*J7r-fe» hSI 

®CC^£ffiSflll£#i^<fc&. C©ttI4toT7rt 

aNifS^*-esa^fii:£b-cjsaT.sc£{cas„ 

[0163] J£lJb©JK«*»&. ££bTA$E&#sil&i>l, 
tcfttcV. GaNig,flK#©:£WffifK^K#s?l&!>U 

*^^aafe{4fgg{c*fT a BK<4©#ai:b^«tfjjn-r 

[0164] <-7X^^®©«j#{bMffl>-7X»^ffi© 

/c<£(t. v^;?©^®^?t^b^--5.^*^lf6n.5>„ 
^3l®£?ii??Kt;-f LtB, /< »7r-F • 

i4#Hmr-c©i^Msai-*ipife.ns. *&. cne. 
[oi65] MTmnm^rcomnsmtLxit. mx.it 

*ffISTr 400-C-800 •CSSKDP^T hCt 
Wf*>6&4^fb^)«, C©finSlft3i7cteffi«cj:o 

[0166] i.&mmt'&motp-cb&ic. mmz-m 

fix-7^>^UrgfL-l>«?t®5:Stb3#-5toa^f ^ 

mums ^\ mmz-m&x-vrxmnirz^ * 

©x -j ^ > *®*6 1 ~ 5 0 0 n m^T 

SC£*JWSL/<. 1 0-2 0 0nmiit5Ci*5J: 

[0 167] C©J:^a?S^tMa^tf^c£fcJ:o 

!B5£I&£TSC -€-©ilSS. vxi7il©«i 
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7 * Hi y ^ -igcctetts s i o 2 m 
[oi68] sfc, tinhommtiimoym&mt l 

X. x^l/y^-Jr h>?>x5?./-.>U, ^y-n-^© 
®IS?©ffl©l£CCjB^&ft#£*ToTkJ:t>. mt 

[0169] JtLB*. vXi't.miL-CS i O, SrfliO 

i o 2 tc^ns &©-?«&< . siN, . wmottxD 

[0170] <V *^#>6©JI«fi1g©l&*>*§<=>*l 
7 r -^T^cD^SS«%B{"3*o-C7!P*E.xb-^*^f ;lx 

micft5ctM-e%. se.tc«H (HaS&19J©3a) tc 
^©Btfcfc-C#SC #:m^7-a« 
J» ( D Htti*) 3¥©i^flij£©J&)3;©fcJ?>©x f * * is 30 
f ;W£gl»#©* ;U *t - ^©iS:g©Eit 5 -^SS^©^ 

i©rasfc@jisn-5. 

L/c5x-^<DaM«:>'<$->^fiSL«fc ^ i L-r feOx 

->*0(£o<t 5 t-rn«^x-^*/hffia(c^s J; 5 

(cm (* 5 m m ft SftCC ■> x - « £i?J 0 JB/W£««:Wfe 
?r-r £ ft <h"©I5*j£ 0 & W 6 % C > C t ttgEKHtfi B 
*^©SIS«cfcU-C4>^'</c„ 40 
[0 1 7 2] ^IfeBjcD^^-^tt, 1f?T-<y«£©!&<5 

sxsn^x^v x© t- h » ? t ut^-©£ sfw-r 
sc£*5Bjfi6r*f). s«3©pga^iSLr4>gaKS 

[0 173] b#>U ^S^x-^fBofc^a-teXK: 

mmm&zm£-rz>cti>W£i,^. GaNtcraftsti 

^©t&^Cc^-rs^P^SffimSiBg^fcWS 50 
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[0174] -T&fc*>. *mi<D I I I 7c3tMM&¥ig 
< i feliSStco^tlit^T* 

^«©tfi«!Bj«rwr-5 1 1 imTcmmmmmtti 

S^xfttotiTK. ^cir-TvWxjfJjjTT'ci-fex 
[0l75]ftte, -? * i> 

m. -£B5K:x Vy4 7W<D-&m>m-ls*W.l,tc\ 1 
©AS0^^->©X F ^lS)*s< 11-20 >X« 

< 1 - 1 0 0 >-mv&z> 1 1 1 ^Tc^ffc^^f*-? 
[0176] <sas^©i^*^>wc. ^as«* 

«*^J2 5 0 ummOGnNtegk**)-? r 4TWl&±!<C1& 

[0177] tr. GaNttAfflKDSBI (f 
S) 5 M±tt©t *«i i 3 > H tSIf 5 . *K 

fc«t>. ftB ; &^>o/^:^t^©^3i©w^cc®u^i^t , ^> 
#gg©*>©*ffl^. iffii-cwg-rstg^jis 0 00s 

fi^©iteS©/hS^*>©?:fflt,^C£*s<!?SO^„ S 
it. & J f©1*f4<fcL'C«^;UnxT*5!ff3;L/<. 1f7 r 

^rjsm©^{t^. MgAij o 4 tn&phuzmm. 
m&tcmxi>m*ti:wmmmt>titc. 

[0178] C©1J->F^7X KciSSFJgtt-tf-^T'f 
TSS©ilS* 5 5 0 MmJimStC^S^rtf o/c. c© 
«. a tlx.*) im L<W8,2tlX 
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[0 17 9] 2vvZ<D&&ZVyT JTWMSDW-Zft 
[0 1 8 0] 1f>K^xhjS{cJ:4W», a>/<-» 

[0181] *?9»*ft£3ttrjimK:59*mft 

+ Jl/JI©JI£ 1 0 0-5 0 0 Mm(c*5l>TM:. S«S 

fccomz #<e©x e * >\<m<Dm s © 2 1 «t 

BOi?$(^2»CD 1 aTOIS©IHIlStffllr>rit: 
^+'>t^«fot«>J:^ D «32 0 0ii 

mCDIf^ r -f T£«±CC«S 500/i mCDG a NJi£x 

[0 18 2] ftfc, t7r-(7««D*>F^XHf 

<MVZ>tc&t l c 1 0 MmlggW^y^IS^t 

[0 18 3] JMiOJz^CcLTSOWIWftStifc^x- 
GaNfiSg® <**-^*ffl) (cti*CD«FBffl 

v^^jW»H|Lfc«pjft*6'>x^/^fl«oj»S**i* 
-Ltt^6GaNxtr^r*^^iU««:MS*rWB*ff 

[0 184] ft*. C©<fc5ft«F*<DBL ilflMBvx 

0. vx**x**>yrffiOI5H»rfcJ:lf>. vx^tt 
#S i 0 2 tt6««7 <'K|££TSC<b#-C& 

[0185] *fc % «sw-*#, *m»u-vm>r'< 
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[0186] *fc, GaNifc^+^t;l/B<D^6& 
S-Jx-^OIKiiLtlt 2 0QMm«l£«±*ft 

xflESS P -fe X fcsiWft +»tt5SflEW» 6 ti 6 0 
[0187] <im**#i/-lf<z)f¥«>;>ccc % ±E© 

) 4lt, *«*U-1ffflDH«Jt»JS»Dfc«> 

- [0188] DH«JW«^O^n-feXt?»flRIttr* 
C CTttGaA s I n P S&^O^mttS 

[0189]@16(C V GaNSffi±(C^JSL/cDH*. 

GaN«R20 lMJiO^^MBttlnBA 1 
0 . 0 & G a o . 8 8 N^>FI2 02 0. 5 
urn), ^r>f»nlGaN3fe^FI2 0 3 (IS 
20 0. 1 Mm) % mmiM I n 0 . 2 Ga 0 . a NiiF#F 
a (IS 3 0 A ) 4MW»D I n „ . o a G a 0 . 95N 

istg«a> e> ft & 7 s»i<D* ma^#F»jif£tt» 2 0 

4, 7n^AMpIAl 0 . 2 Ga 0 . a N-f> 
^AJB«t|»±»2 0 5 (fS2 00A), vni/ 1 ) 
A«ftlpS!GaN*//-/ KJ12 0 6 (»3 0. 1m 
m) % "ry*^^AaiaipSA 1 0 . 0 a Ga 0 . a a 
N*?y FH2 0 7 (JS3 0. 5/xm), R»7^ 
"?AaSttlpSGaNn>^^H12 0 8 2m 
m) *3*»LrMOCVDffiCCj:oTjaaEl/fc. DHi 
30 JSO«±»(c»»{fc3^RR2 0 9 (§ 1 0 m m 

©Xh7>f ^K©«»aAffl-«* JKJiE C (D±CCx * 
^i^e>^^pflt2 1 OftJBJiRO^. 2 12tt 

KCttOoH GaNSfi48fi(, k ^HnJ«6ftiSS 
(ilS, 60mid-1 0 0 Mm) CCftB/fctt. 
i7Jl/5-^A^6^^nilS2 1 l*OT(C»flEf 

40 ^»b«^fSHIHI5»2 5 0 Mmi l/fc. 

[0190] CODcfc ^ft±IB^O-fe^(D5pJ^«, RMCC 
«*#l£T6mWc> fSBffBJSBft/lSS-C^x-^* 

[0191] <U-1f»tt>H±©<t9CCLrfi«L/fc 

*»*u-if*ii (W2 5*o -cjwxmmits m 
mzmmittc »6tifcu-if 120mA 
(iM-4kA/cm 2 ) wa©a»af§**t/ 

50 /Co CtltcttLX. MIRf&mm^^^tjiO^Vy r AT 
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[0192] coasccoi^rtt, Kffi»a*««o/cc 
te4>S* 1- y ross^-fe > * - 1 ur©lM8tt/hS c> 
fiSS*i«c<Ttt&6&(,>. UfrU Krffi<Z><fc5K:Alteti[ 

**9i«c<th«AKiaSK«r^aHK:ilSd>-r#yfcCi 

ct o Hfioa^*^ 3 *i ^ £ 6 n & , 20 

[0193] Sr. IMI«3e*ff «o*:P— !fttl*rti*> 
m £ & *§SHffl«:«g&<Dft I >fe CD£jSS8 b fc & (OX £> 

^y*<D:^frC>&CD£Ai¥(D^xw\ HfflCC-*^'^ 
[0194] AffiW x.-^mz&<5 ^-^ItCto^xm 

^ciglffl(^>^>cor^>^x-y^^^^^iicDl 2 o><— fe> 30 

[0195] Ag?^x-^<tBg¥^x^<D^Mfc:o<,> 

*£Jf^ ASf^x^^r«GaNS^x^^^|RStC^> 40 
«GaNSS^x-^iiffi#iacciBefiUl^#aEL-CC^ 
[0196] ilflte{4^^CDcl:^{cDHxt*!$r+^^;b 

(OSH/ci^^neo -Tfrfr^ iiuiEL/c<fc5tcGa 
jgx b * * * Jbj5fofi*>»© V n -fe x cc*$ w £Sianngi 
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mti&ifi ^ X D H«JSx fcT £ * is + MC&m? & fc» <!: 
^x.£ G 1 0ftC»U 2 OfflCC i«oo«^-cH«©^:#a 

nisx b- * * is + ^jioiaK(ft«fta«»tr4nnjiEs 

[0197] ft-?X. m&i&mt 0^^&2X&£# 
^/cig^CC«iS*aaffiaW*^K:|»*b/cGa NSS 

^ti^Ci *#fltr & C t &&mx$> €>„ 
[0198]«L *7WT»^«CliSfiLfcGaN 

fimLfci'-irtc^xbu-if^zm^tc. coa 

If 2 OmAlKfiStitO^S 

e>n/c Q C <Dm^<DA 1 0 . o s Ga 0 , e s N ^ 7 v 

kjh 2 o 2 i . 5 u m t Ltc a mmnffi.<D{&m 

JHHiJHtoh, ±Mf7v FH2 0 7 tcoc>Tfc/U8{fc 

[0199] <Jfl»«M©¥«ft«:j:*Wtt©W3«ttfii 
±>**fle u-lf CD D Hffi&Z x frtiOfr Z 

a*r**»GaN»«<OflEfi«BB©^«[ttr % 
«ffi*T*rtt^iDH«J6xtr**^*^JB. 

i fiStt«ffi©«c"r ft tt^jftH^ ^Xl/^Ci CD^^rfeti 

T-<^r^)^ 0 ccDftgcoxu^^^i^or^/cTfe 

$^m£mj:2i±2>fr*>X$>2> 0 COftgCDXUCDItS 

BWHi 1 g£*# < <b#^ e>n^>o 
[0200] —«KC, G a NS^CD^£S^M« 1 0 0 m 
m«±<OWl^xt5r*2/^JHsJEfia<D*ffl-C*0. ^< 

0 • A . G a N SSCD^SSJJS 0 T fiKSBK> 9 
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^•WH&BfctTofc. ftji-hh^ CCt?«, GaNlt 
<Df$gMTWZWmLX¥-m<kLtc$iffi$:£.Wt LTD 
HmW£l&<Dtc)to<b^\Z$*is + )\,$i3:*:'i7-3tc* C© 
J: "5 CC LTffSSSttfcG a N»«£^xwN{cflH>-Cft 

[0 20 1] gljOJ^Sli L/-C. D HW&fcim>tclb<Dx. 

3*ifcGaNSS©Sffi (D-7r TSSA^ffibru 10 
fcffiiJ©M) Sttf -jT^Itt:!/- tf*^U/c„ f fc*> 

*>. 1 1 iimmmit®*mw*> x.-»<Dmm<o2-)<D 

£®©5 %l£fiffiS©i:b$^ia;t^©iffi±CC^1tig 
&*s. G a N»g©3lffi(Clj£fiL, 

^ifi^©igstesgg)i*+^k:i^*-rntf. gna^©u 

-1f«Ftt*5^« : &^f*U-if^f'pgI^Sc<!:*5-c# 20 
[0202] fiLk. U— 7©D H«jt*^a-CS> 

mi<DG a Ng&l?© I I I ^S^ft^^f* 1 ? * - 

[0203] i i i m7vmm<t<&>>¥m#v * - 30 

m»^h7>yx*i£©m^iaj£7=^xfc:$ 
fflLTfc. m^©^t&a*i3c#§^co. H@l£©Kj£ 
Q^mmm*fa±.?zm<Dmk&&t>tiz. c© 
m-?©^«>s©35c#tt. A^fi*ifc/c-E.^-/hMft6!ti?r 

©t5(SL*i«-5/c/c»<t^e.*i*. Hffi©{gjffl14 

*S*. m«i^l©fe(4iS (#KAjg{4) «CfS->-C©S^ 
ffiffc#&^L/cfc» ft C©«fcMC ^JfeHj 

trc*^ 1 1 1 m^mtm*mw<Dfcmtm<D-' 0 40 
s©ieicc < s#-r s *>©-c&£„ 

[0204] 

[0205] (mmm 1 ) #2^©iissw<:o<,>t:ii 1 
*&mi>xmi-?z. xmmmvis. &&tcx. (0 

0 0 1) WV? r 4T (A 1 2 O a ) mm 1 ±Kffi/? 1 
*im©GaN|g (THMSHIg) 2*8>?>*»Clt>fcl8.Ltc 50 
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C©Tif6MSIS©^gCC«M0CVD^ 
g^Mt^c iff-7 7-f7i&4 5 0*CtC»n^Lr. G 
al^Oh^fM'j'jAdMG: (CH, ), G 
a) £T>*-T (NH, ) %&t6LX. 4 0 0 A©J1 
<*©GaN£/?EgL.fc. ^©^> SSI* 1 0 0 0 "C{C± 
^SitTGaN^J&gStt/c. C©GaNK2«®KS 

i$3£#8t •ffJlSL'A:. fiRS^3SU=-7^ ; ?4tt 1 
ft-e*U@5 (/mW2 Mm©* ^tKi L/ifc„ X h 
7^^(Sl(i< 1 1 - 2 0>^[Bl<»:bfc ( (01 
(a) ) „ 

[0206] iSS^aKMtSGaNMStt. Ga 
JHSRt#y7A (Ga) tmt*3k (HC 1 > ©£££ 
^•CiSM^'J^A (GaC l) £NM*4k:t>* 
-T (N H 3 ) tfX&ffiOS'W K^-T FVPESCCJ; 
OJ&SSitfc. GaC 1 «> ^lIGa^HC 1*800 
•CSSKS-o/cSJS'giSSigiS-CSJCS-tt-C^/c 2«£ 
fiSSttgtc-fe ? H, **#H^r^SSS 1000-C 
(C#S"T S „ f^SSR**^ H C 1 ^Ea^ 2 
Occ/SKfi^l/, NH, gE11000cc/i» 
-r5#ggtftfaTSC£t\ JSSfSPlE 3 CCG a NfiiH© 

(1-10 1) I*f,«77^» h£fiXg<*tffc (0 
1 (b) ) „ §6fC. 2 0MSait^f->t;Wl 

(131 (c) ) „ 

[0 20 7] xf^+V-f;UfiSg?ri^W^C<!:«Cj:D7 
r-fe > h«jt*a*jA^ (Ml (d) ) . S&lftCUJ. 

5B#fg©^sr2 o o ummm.<D*m.t£mmzm-tz>G 

aNM=£^Sti-7c (01 (e) ) „ GaNSf a l5 4 
[0208] *mmMlC£-?XBl8.$titcGaNm5K. 

«. w t -trmm i its^^^Ksis^*^^ «: 

/c„ U*^. iSKfiSS^tf^/cGaN^lgCCW. XRI 
W(CiJ>tt<. |g[4?5g«l 0 T /cm 2 fiffi-Cfc-? 

[0209] XmiMW-ei&mLtcG & NteM,mteXfa& 
C©±CCU— !f. FET. HBT^Cif© 
la D D I% -( Xfiiit^RSES-T S C i -c. -T X#tt 
*I^J± $ -S C i ASH^ <t «c £ . 

[0210] (Hife0!i2) #se&6Wcot,>-cia 1 1*# 

ML-CSiBg-r^. 01 1«. #3feBfi©GaN*SIIJ!_L4t 
G a N^*3¥ft U— If *«JW S^S«:l5i^-r ^>fc»© 

[02 11] (0 0 0 1 ) ®©-tf7r-(TSSl±{C. 
USS^l tlSlSltCMOCVDa-CSJll Atm©GaNE 
2«r^0/c. C©GaNM2±CCS i O s m*Wfc 
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««3*»»-JiaaEl/fc. JagM^3R0^**4«:, 
^tl^n*I5//mS^2iLtni(D^ by <{7tR£Ltc 0 Z 

bvJ-fUmKl 1 -2 O>#fiJ0>61 Og«^t» 
(011 (a) ) . 

[0 2 12] «5M«3CCJSlB < r2GaNI6a«. ±SE 
<D*JiWl ira«CCGaJK»CC#y^A (Ga) ittffc 
*3R (HC 1 ) <DRBS&mv*>&mt#V*& (Ga 
C 1 ) tNMMlCTls^—T (NH 3 ) 10 
A b'U KVPEStffll*. S«*j£fiSgiC-te? h 

I/, *^#Hmr/£fi*s@[ iooo 'Ctcimf 6 5 

0-C©fi«^6«E*NHa #*#H*UCTS. J&SS 
*3&*«3eur*6. HClifiil:4 0cc/S^rM 
U NH 3 ifcgl 0 0 0 c c/fffl\ *5<fctfS^> (S 
iH«) MO. Olcc/«»?15O»B0«fi 

WWl-CRWl/fcHl© (a) *>& (e) CO^SS 
Il^gr, v**4*SiM&iMaBlff2 0 0 um<Dn 
£GaNttAIR6 5 (01 1(b)). nl 

GaN«TUl6 5«}MeK« NH 3 //^#H«rlWl* 20 
■WWBIU fiWStt<fc9flK9Hrr. GaNIMUt6 5 

i x i o 1 3 cm- 8 jgubo^r-r yrsorcfto 

/Co 

[0213] *«c % G a N«*SH*U-1f«JB©fHH«: 
tt, Wa^S^k^lStB^SfiE (MOVPE) tffl^rfls 

[0 2 14] GaNR6 5^M^ MOCVD^gCC 

•fe * f u *jR«H»TBEfiiaK io5o •cfcsst 

£ B 6 5 0XXD1K*6NH3 #*»HSUC*i*S. Si 
Ml/c 1 /i mOI$©nMG a N16 6 , Si^i 30 
tMLtcO. 4ym(Dl$©nMAlo . i & G a 
o. .5N^7*;F167, S iZmiMUtcO. 1 Mm 
©HS©nlGaN36^Fi6 8, 2. 5nm<D/?S 
©T>F-:/I no . 2 Ga 0 . e Nl^#Fli5n 
m©«07>F-^I n 0 . o 6 Ga 0 . o s NPfg 

#*Wt>A (Mg) £#sflnb/t2 OnmCDJl^CDpMA 
1 o . 2 Ga 0 . 8 NJ17 0, Mfir*8SJ!inO/cO. 1 m 
m©JI$0piGa N$ttf<4 FH7 1 , Mg«l/c 
0. 4 um<E>J¥£<E>pSJA lo. i 5 Ga 0 . 86 N^ 40 

Mg^r^JJDb/cO. 5 //mcDJPSCDpM 
GaNn>^^ ha 7 3^/E^fi£UU-1f-«i&^f > P 

pS(DGaN3>^^F17 3^Ml/cE 
HN 3 #X»H»T*»*T»MJIU J«fi*»fc6Bl9 
fflb/c (011 (c) ) . 2. 5nm(DJ*SCE>T>F- 
^ I n 0 . 2 Ga 0 . 8 NST-#FJl<b5 nmCDil$<D 
T> F-^I n 0 . o 6 Ga 0 . a . NRHMa^6ft& 
£SS^#F«f jgrStfeJ! 6 9 tt, 7 8 0 TSOaKTfflME 

[0215] l/-1f-«I»ffi?n/ct77^ 50 
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T*«*W«Bfc-fe* hU t7 7 -{7lSL GaN 
M2 v S i 0 2 vx^4, SO'GaNM a B B I6 5(D5 0 

[o 2 i 6 3 mmbtcGtLNtegkme smtaz. 

(T i ) -T)l>$ (A 1 ) (Dnmmmi 4&Bf$LL. p 
M<DGa NM7 3±lCU~vlr)l> (Ni)-^ (Au) 
C0pSS17 5 4MLfc (HI 1 (d) ) o 

[02 17] fcfc. *9mmvit % t7 7 ^7SfiL 
GaNT*teS)S2, S i 0 2 4MGa NJSII 

16 5 <D-~SB£ WJgtC <t0i*l;tn £[4>S«& b 
Ig^f bftc K7 >f i 7f> ^{C<fc D n iG a 
NJB6 6*fc»6 5*r»*Urnffl««*JB«L. * 

[0218] (pmm3 ) **9J©HJSWtco^r0 1 
*#j»urK!!i!-rs. ^IfeM-cw:, assise, (o 

00 1) It7 7 ^7 (Ah Oa ) «El±fcW»l 
wmOGaN12 (TiWSftR) DaW&lSLfc 
Sfi*fflC»3fc. C©TllfcftaiS<DJiK*CC«MOCVD» 

«*/Bc>fc. ^-ri?*^ r>r r^4 5 o°ctcsn^ur, g 

a/jR*skDF VJmrtVVJ* (TMG : (CH 3 ) 3 G 
a) i7>^7 (NHa ) Sftftlt. 4 0 0 A<DM 
$(DGaN«Sl/c 0 ^<Df£, m£ 1 0 0 0 'Cfc:± 
m £ if T G a N *JSRfi 5 -If /c 0 
[0 2 19] C<DGaNjR2«ffiK:S i 0 2 

U *X<D£>?icLxy * b y v#?y -f-wx? 

GaNM2^ffitC^figl//cS i O z M±fc::7* h 

h (/&7fc14*Sfl!§) ^LtU^XHI^Mt^o 

Ur. TIOS i O z M*?* v hi??>^«F 

[0 22 0] COJ:9«c*ffi«:J:o-C, If^WTS^ 
±cafcfi«*3 • JBfltL/c. ^S^3SWX 

L/Co * F^Y^*lft«< 1 1 - 2 0>^il/c 
( (01 (a) ) o 

[0 22 1 ] ±IB<OJ:5teLTI8K3ft/tvx*tt#lJ- 
M^m^ffcL//Co 

[0222] x-*)Vjt*)i,*b>m*l**2s- 

\e\ m>xtm*~ci oftrm±mf*Ltc a bo 
-loo •cicmmLtcffimmwitpic 3 o»ibjm±«l , 
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mm.) 5C2 o#~2 5w$mvxs \ o 2 7^>iK 
ioooAtsx,f>afc„ ^i-c^^^k-e l o# 
?aKgfe^L/. g^^*-c^*tfofc 0 *©&> c© 

[0 22 3] SSS^3tCSSS-rSGaNJSS«. Ga 
H^«C^';^A (Ga) <fclSffc*jR (HC 1 ) ©£l££ 
f8fo-C$>Zmt*fVVJ* (GaC 1 ) £NJIfcRcy>^ 
-T (NHj ) tfxiflil^W F5-f FVPE&tCJ: 
Of&gStf/c. *«£)&g$&g}C-fey h (/. *5g#BM 10 

xmrnum. i o o o-ccc^a-r*. j&bsk#2c5£lt 

ft>6. HCliSM2 0cc/M-C«&l, NH S S 
& 1 0 0 0 c c /mftn 5 C4t, ESS 

M^3{CGaNifeS© {1-10 1} WtPhts.hv r * 
»F«S3Wi:(Il (b) ). 20#R8H 

fe ->> h 6 zzmzntc (01 ( c > ) „ 

[0 2 2 4] xf^ + i/ + ;KSg5:gSWSCt«:«t0 7 

r-fe-> h^jg*a»ii* (@i (d) ) . mamtcK* 

5 B#ra©j^gr 200« mlg©fa%tI4*t5G 20 
aNglfc^Stf/c (01 (e) ) . Ga N*&H,Jg5 £ 

vmmmm£ *)ftw mute. 

[022 5] *mfcWtc£i-Cfcl8,$titcG&Nms<<c 

[022 6] g/c. C©l£li©aiffittjfi©Jf MH£©ISfii 
hJl/^^o^a (A|g{4) ©ffitt*s^i@(c^-,'r. A IS 30 

^©fa^*J-e©)i^{c*jc^r«±g(4^ic^L/r2 o 
^Jtofefi (Bisa) (r>m^Bo%mM.tt£- 3 xu 

tc. ^©JUSHSO^ISftS&gfc lxio'/c 

j&mm*m<<* . n^ffi«ja©^iii^«: j: ~> tihm 

[0227] *Slifepa-CfiggL/cGa N*S^KCi^RS*i 
W&K.'pts. < % C©±«CU— If. FET. HBTfti'© 

[0228] HJg09tc*>a»r«*^KJ:i^* 
~^©&©£gl^-©»Jfi^(<t Ltc^-^MCMLX 

fcfljt^-s c <t*s-c# -5 c <t »c> 5 *r 

[022 9] 

[2£Bj©S3Wi] WiljiWL/fci^fc^BjJct^ti, G 
aNSgf©I I I&^mifc¥igf*<b#i«»£<t© 
MIKSMNK^«Hf j@Kfi(c <fc Sitf^t ;Hgr© 
f^^oi^iiimF.n. !Se?gK*i(gja3 so 
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ti, m&tcitiz.mioy&SLifinuzft. wsk© g a n 

•5. C£ S/c. ##feBj©GaN*§JIKI?©I I 
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